Rho GTPases link cellular contractile force to the density and distribution of nanoscale adhesions.
The ability of cells to adhere and to exert contractile forces governs their capacity to move within an organism. The cytoskeletal regulators of the Rho GTPase proteins are involved in control of the contractile forces of cells. To elucidate the basis of cell migration, we analyzed contractile forces and nanoscale adhesion-related particles in single cells expressing constitutively active variants of Rho GTPases by using traction-force microscopy and ultra-high-resolution stimulated emission depletion microscopy, respectively. RhoAV14 induced large increases in the contractile forces of single cells, with Rac1L61 and RhoDV26 having more moderate effects. The RhoAV14- and RhoDV26-induced forces showed similar spatial distributions and were accompanied by reduced or unaltered cell spreading. In contrast, the Rac1L61-induced force had different, scattered, force distributions that were linked to increased cell spreading. All three of these Rho GTPase activities caused a loss of thick stress fibers and focal adhesions and a more homogenous distribution of nanoscale adhesion-related particles over the ventral surface of the cells. Interestingly, only RhoAV14 increased the density of these particles. Our data suggest a Rac1-specific mode for cells to generate contractile forces. Importantly, increased density and a more homogenous distribution of these small adhesion-related particles promote cellular contractile forces.